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POLYMER-BASED MICROMACHININC 
TECHNOLOGY FOR MICROFLUIDIC DEVICES 

H60,044 hlS ^ U ' S - g0Vemmem SUPP0 " Wder gran ' ™' 

H6 .044 awarded by the Na[I0na| Insmutes rf Heahh ^ 

rights in the invention. v-cnain 

FIELD OF THE INVENTION 

T„ e pr ese„, lmmmn reIalcs ,„ ^ meihods _ 

P-Ca, P o,v mcr . based [echno|osy fcr ftbrica , ing mcrofiuidic devicK *■»* and ,„ 

BACKGROUND 

Mic f on uld ,c s>,,e ms « ,„ eh , v usel0( ,„ med , ca| ., a |a 

co,n P o„e„, , ndlvlliua , componems as ? -J 

? Nonra,iv c, ° K m '^'« - m — p ^ on . fc ;l - „ *' 

,, lttra> pp . ,, 24 , |992); w and 

^ A M™- M 3s „e,,c M,c ropurap on . Si.icon Wa fa , in ,„,_, 

£ ' "' "' ■' M ' d "— Valve, „, , m „, ma , , 1Vfa ,„ ; , „„ Wi</ 

— * ~ a „, Vo ,::; 

,7""" " '"' " A M " ro C ' K -' *- .n^ „„ . s„ co „ Wafer : 

« >»„. S , M ,„„„ ^ (DJ , Hamson „ ,. Chemita| Ai]a|vas ^ 
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Systems Integrated „„ 0lass md si|lco „ Qips „ m lmnaiwmi ^ 
Sensors an. Actors mi„o„Hea d 92,, pp. 110-113 (1992); A. Man, „ „, ■• ,„, egraKd 
Electroosmot.c Pumps and Flow Manifolds for Teal Chem,c a . Analvsis Svstems - ,„ 
Tracer, W . pp. ,39-94, ,,„„. A ^ e , ^ fcr 
■ Mmtaturization ^ ]nlegra , jon of Separaiio „ ^^^^ Mon . Mjne sraems 

Eiectrophoresis on a Chip," J a». wi , v„|. 593, pp. 253-25* ( ,992» mi iamim 
.echntaues [R .C. Anderson. G.J. Bodgdan and R.J. L.pshutz. "Miniaturized Genetic Analysis 
System ■ i„ , mma , ioml Workshop m SaMSm Wj mdAauaors 

PP. 2H-26. (1996,,, nave been fa.nea.ed ustng a sundry of ,ec„„o,o 8 ies. Numerous fluid, 
propulstona, me ,„ ods have also bee „ devdoped ^ m mechan . cai ^ 

orces. electrosmosts t D,. Harr.son e, a,.,M,n,a t ur, 2 ed Chemical Analysis Systems Based on 
Elecropnoret.c Separation, and Elcctrosmottc P umpi „ e ... in rw.ee,, « pp 403-406 
«IW)J. dielectropnoresis ,RA. Poh,. fltte^,,. Cambrtdge: Cambridge Universi.y 
Press ,1978)], surfaee ,ens,o„ gradtents [M.A. Burns e, „/.. "Microfabrtcated Structures for 
^•ed DNA Analysts," Proe. h'ail Aea, s, USA. ,3:5556-556, ( I996, ; H. Ma,su m o,o 
«* J-E. Colgate. "Preliminary .nvestigation of Micro P »mpi„ g Based on Electrtca, C„„,r„, of 
Interfaca, Te„s,o„ .- ,„ lmmmiMal WoMap „„ &w ^ Aamn 

y m PP. ,05-HO ,1990,: G. Ben, and M.A. Tenan. "Dynam.cs of Electrowetttng 
Displays."., A Ppl . Pnys. Vol. 52. pp. 60, ,-6015 „9 8 |, bubble gc „ erali „ n (L Li „ „ „ 
"M.crobubble Powered Actuato," in Transfer, pp . mum4 (199|)] ^ 
evaporation-condensahon ,T.K. Jun and C.J. Ktm. "Mtscroscale Pumpmg with Travers.ng 
Bubbles ,n MicroChannel," in ,„,„ na „ 0 „ al Wmhhop „„ ^ 
(Hilton Head '96). pp. 144-147 (1996)]. 

However, efforts on system integration of components to date have been l,m,,ed [S C 
lerry e, a,..- A Gas Chromatographic A,r Analyzer Fabricated on a Silicon Wafer " IEEE 
Trans, on Elearon Denes. Vol. ED-26, pp. ,880-1886 ,1979); A. van der Berg and P 
Bergveld. Micro To,a, Ana,ys,s Sy s ,e„s, New York: Kluwer ,1994),. which mainlv include 
«"= use of bulk micromachining and surface micromachining technology. Both of them lack 
stmple construction of components and the capability „ i„ Kgrale all of components with 
electronic circuitry. 

Bulk micromachining technology, which includes the use of glass wafer processing 
Ml.con-to-g.ass wafer bonding, has been commonly used to fabneate individual mtcrofluidic 
components. In Europe, this glass-bonding technology has also been used to fabricate 
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m.croflu.d.c systems. In these systems, the control dectron.es are impiemented on a hvbnd 
manner external to the system. This system integrate method has several problems. 
Because these systems rely on bond.ng of substrates, it is essential that the bond.ng surfaces 
create an hermet.c seal to prevent the leakage of chemicals and reagents. This poses a great 
difficulty when interconnection leads are present on the bonding surfaces which prevent the 
surfaces from being flat. It is well known that it is exceedingly difficult to attatn good bonds 
even usmg well-characterized techniques such as anodic bonding when steps on the bonding 
surfaces exceed 0.2 urn. Because of this planarity requirement, these devices 
require either complex plananzation schemes, or the use of diffused leads. Because of these 
difficulties, only relatively s.mple fluidic systems can be constructed using this scheme. 

Unlike bulk micromachining. surface micromachining technology can be used to 
fabricate individual fiuidic components as well as microfluidic systems with on-chip 
electron.es. In add.tion. unlike bonded-type devices, hermet.c chapels can be built in a 
relatively simple manner using channel walls made of polysilicon [J.R. Webster et al.. 
"Monolithic Capillary Gel Electrophoresis Stage with On-Chip Detector." ,n International 
Conference on Micro Electromechanical Systems (MEMS 96), pp. 491-496 (1996)], silicon 
nitride [C.H. Mastrangelo and R.S. Mullet, "Vacuum-Sealed Silicon Micromachined 
Incandescent Light Source." in In,. Electron Devices Meeting (IDEM 89), pp. 503-506 (1989)] 
and silicon diox.de. Surface micromachined channels that are constructed with these thin 
films have two basic problems. Because the thickness of the films is limited to a few 
microns, the height of cavities and channels is very small (< 5 urn) resulting m sub-pL 
sample volumes. These exceedingly small sample volumes both strain the requirements for 
the sensitivity limits of detection schemes and also aggravate the surface adsorption of 
samples and reagents on the wall which further diminishes the sample concentration. On the 
fabricate side, due to the strong nature of the silicon based building materials, the formation 
of long capillaries is difficult to accomplish. This is because the etchants used for the 
sacrificial etch are relatively slow and in may cases extremely reactive (such as hvdrofluoric 
ae.d HF). in these structures, it is customary to leave devices in the sacrificial etch solut.on 
for many hours. Special passivation layers (primarily silicon nitride SiN) are used to 
passivate any active electronic devices that must survive the sacrificial etch. 
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w„h a Itl r dCd ' S m ' Cr0maCh ' n '" 8 ' eCh " 0l08y ""' f « — 

v,.h flex.b.hry ,„ cross secon and chapel !en g ,h a, v,r,„al ly no loss ,„ sys.em 

performance. l„ addmon. ,he .echnology shou.d be l„„ cos , and shou|d no , 

specialized equipment. 

SUMMARY OF THE INVENTION 

,MPM J"' mVen " 0n rClaKS 10 P0 ' yme " b - d — -elecro-mecharrical s y s,em 

(MEMS) ,echno,o 6y sunable ft, me fabrication of i„,e gr a,ed microf1llidic sys , ems 

panicky med.ca, and chemrcal d,a g „os„cs s y s,em. mk , e , pnnttr head . „ w|| ^ 

zr:: requ,,es t or eas ' r, " ed caviucs for opera "° n - The — — * 

systems may cons.s, of pumps, valve, channels , reser v 0ir , cavlI , es . 

™«n. hea,ers. fiu.d.c in.erconnecs. diffuse, „ 022l cs. and „,„er microflu* corn^s on 

vIJ "T C ' rCU " SUbS,ra,£ - ™' ,KM ™ " ™»* — ar- 
able such as g ,as,based. po,ys,„co,„ a sed. MEMS .ecnnology as „e„ as hybrld - c , rcui , 
oard .echno.ogy t , , D . VerLee „ Tluid C.rcui, Technology: ,„,e gr a,ed 
^erconnec, Techno,o gy for M.n.ature F , uld , c D e„, ccs , |„ ^ „ ^ 

^ Amm °™ <>»"° n *" ■*»■ PP M2 (1996); R.C. Anderson „ 
^M,„,a,ur, 2 ed Genefic Analvs.s Sys,em, ,„ Worbhop 0 „ ^ 

M.croueneucs: Where Are They and Where Do They Wor, To 6 e,her, in , mrna , J 

« ^ w,,- ^ ffl ,,„„ Hcad , 6) pp 253 257 

plasuc have been used because of „s h.gh versa,i„,y ,„ pr „v, d e , ransparen , ^ ^ 
benign surfaces]. 

The presen, mvemion con,em P la,es bo,h me.hods and devices. In one embodimen, 
■he presen, ,„ven,,on eo„ t emp,a,es a me.hod fo, fabrica.ing m.crocha^rels. comprisi„ g me' 
steps: a, pr„vidi„ g a subs,ra,e. said subs,ra,e bavi„ g upP e, and ,ower surfaces; b) deposing a 
.rs, polymer ,oyer on sa,d upper surface of said substra.e. sard firs, polymer laver havi„ g „ . 
lower surface comacng said upper surface of said subs,ra,e and II, an upper surface- 
C deposing a second polymer layer on sa,d upper surface of said firs, pdymer ,aye, sa,d 
se ond poiymer la yer havmg i, . lower surface co„,acti„ g sa.d upper surface of said firs, 
PO y mer ,a y er and „) an upper surface: and d) sacrificial,, e.ch.ng sa,d firs, po, ym er ,a y er 
under conditions such ,ha, said second polymer .ayer comprises walls of a m.crochannel 
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In another embodiment, the present invention contemplates a method for fabricating 
rmcrochannels. comprising the steps: a) providing a silicon substrate, said silicon substrate 
having upper and lower surfaces; b) depositing a first polymer layer on said upper surface of 
said silicon substrate, said first polymer layer having i, a lower surface contacting said upper 
surface of said silicon substrate and h) an upper surface; c) photolithographicaJly defining said 
first polymer layer under conditions such that said first polymer layer has a desired thickness; 
d) depositing a second polymer layer on said upper surface of said first polymer layer, said ' 
second poiymer layer having ,) a lower surface contacting said upper surface of said first 
polymer layer and ii) an upper surface; and e) sacrificially etching said first polymer layer 
under conditions such that said second polymer layer comprises walls of a microchannel. 

It is not intended that the rmcrochannels of the present invention be limited to any 
specific dimensions. In one embodiment, the desired thickness of said first polymer layer is 
between 0.5 and 200u and this thickness defines the height of the channel. 

Of course, the present invention contemplates additional fabrication steps. In one 
embodiment, the present invention contemplates, prior to step (d) the step of 
photolithographically defining said second polymer layer. In another embodiment, the present 
invention contemplates after step (d) the step (e) of etching openings in said walls of said 
microchannel. In yet another embodiment, the present invention contemplates after step (d) 
and before step (e) the step of depositing a third polymer layer on said upper surface of said 
second poiymer layer. 

It is not intended that the present invention be limited by the particular type of 
polymers. Polymers include, but are not limned to. photoresist, polyam.de. benzocyclobutene. 
polydimethylsiloxane. vapor-deposited p-xylylene. pTFE. PMMA, P -HMDS, polypropylene, 
starch-based polymers, epoxy. and acrylics. In one embodiment, polymer pairs are selected 
wherein the first polymer is soluble in a particular solvent, while the second polymer is not 
soluble in the same solvent. This permits the use of the polymer pair such that sacrificial 
etching with the solvent (or a mixture of solvents) removes the first polymer but leaves the 
second polymer intact to serve as the polymer for the microchannel. 

It is not intended that the present invention be limited by the particular barrier layer if 
used. The barrier layers include, but is not limited to. metal, stack of different metals, 
polymers, silicon-based materials, and other inorganic materials. 

The present invention contemplates numerous arrangements of the various polymer 
layers. For example, in one embodiment, the present invention contemplates a method for 
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ftbnc^, m.crocharmel, c„m P r,s,„g , he sleps: prov , d|ng . ^ ^ ^ 
wafer ha„,„ g upper and lower surfaces; „, , ^ ^ 

upper surface of sa, d sil.con wafer, sa.d firs, polyme, ,ayer having „ . .J sm( J 
— g said pper surface of sa , d s „ con waftr ^ ^ ^ ^ 

hav,n g „ , surfact cowac[mg Mjd surface ^ ^ ^ ^ 

«*«:-» Pho.oli.hograph.cally deflnmg M SKond po]ymer under » 
ha sa, d pol mcr |ayer has , t „ jckness ^ Q 5 ^ ^ ^ ^ 

ayer „ sa.d firs, P o,yme, on said uoper surface of said second p„, yra er ,ave, said second 
layer of sa,d firs, polvmer „av,„ g „ . lower surface conlac ,, ng ^ ^ ^ 
second p „, ymer layC r and B) a „ upper surftcc; 0 ^ RcMy 

^ under census 5uch , hal sa , d „ rst m6 ^ ^ ^ ^ J 

I " ™™ ta * 1 - »" ~ ml „ avlng . heifnl dcfi „ ed by sa , d , hickness 
second polymer iayer of s,e P M)i and g) e ,c„ m6 one or more said 
MicroChannel. 

me.h dT?"" emb ° dimem Mn C °" Ui " add "' 0Ml POlym " S ' ™ -"Wi—. 
- hod ur,„er com pr , S cs after s,ep ,., and before s,e P <fi , ht slep of deposi „ ng . rf , 

•tad Polymer on said upper surtace of sald s£con{j lay „ of ^ ^ ' 

Aga,n. ,he presen, invemion is no, li m i,ed ,o P ar,ic ul ar polymers. In ,he la„er 

*" ° f ^ ™ ,h0d "* — '— " » - -d firs, and second 

layers of sa,d firs, polymer comprise vapor-deposi.ed p-xvlylene. 

The presen, , n ven,,on is no, limned ,o ,he na.urc of number of „pen, ng , In one 
sa.d second opening servinu as an ou , le , ,„ one embodimeni sa]d ^.^ ^ ^ 

polymer. ,„ a»o,her embodimen,. sa,d opemngs are e.ched from said upper surface 

layer of sa.d ,hird po, y mer ,mo said upper surface of said second .ayer of said firs, polymer 

The polymer-based m.cromacnining ,echno logy proposed here encompasses ,he 
combmcd benefit of ,he piasric fluidic ,echno,o g ies wh.le capab.e of i„,e g ra,io„ of ac.ive 
m,cronuidic and e.ecronic devices on a monolhhic P ac k a e e. Herme,,ca„ y sealed chan.Cs 
can be fabr,ca,ed wi, h . fiexibi,,,, ,„ cross secion and change, ,eng,h a, v,„ual ly no loss in 
sys,em performance. S y s«em in.egra.ion is realized b y ,hc abilhy ,o fabrica.ed yar.ous fiuid.c 
component using ,„e same process on ,op of s.andard yc, compicx MOS con.ro, circuhry ,„ 
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addition, [he polymer lechnoiouv of [he presen. ,„„,„,,„„ 

ne presen, mvenlion is very low cosi and does no[ 

require specialized equipment. 

The devices of the present ,„ve„,i„„. once fabrjcatEd have , 
ernnodim ,„e presenl , ^ - - one 

con wherem satd polymer mtcrochannel ,s capab, o f co„ve y ,n g Hquids or gases 
or both,. The present ,„ve„„o„ ,s „o, .imited by lh e nalure of » 
™ odtmen, the present invent™ contemplates a polymer m.crocha™, fabled on 
on suhstrate. satd microchanne, contatning one or more mtcrodroplets. ,„ another 
embodiment, the present ,nve„„on contemplates a polymer microchamtel fabricated on a 
S .l,co„ substrate. sa,d mtcrochanne, connected ,o a reaction chamber. sa,d reaction chamber 
containing biological reaclants. chamber 

I. ,s no, intended tha, the present invention be lim, Kd by the „ ature ^ 
.rec„„ g means used ,„ convev „ u ,ds through the polvmcr chan„e,s of the present mvent.on 
' one embodiment, the present invention co„,emp,a,es a device comprising a polymer 
c aane,. sa.d pdymcr channe, comprising one or more e.ectrodes positioned such ha, thev 
2 * " contac, with a „qu,d sample p,aced m sa,d cnanne. The present invention also 

r. ai:i::; me,h °; of convcymE - • — ■* . i,< 

-» - n,ood,me„, of such a device. ,„ „„e embodiment, two eiectrodes are employed and a 
potential ,s applied between the two electrodes At bmh , H r t , 
, . , tecirooes. At both ends of the electrodes, hydrolysis 

takes place and a bubble is generated The gas bubble ,„ , 

" e gas bubble continues lo grow as the electrodes 
continue pumping electnea, charges to the fluid. The t ^ ^ 

r,re„.,a between the two sides of the „ q u,d drop which eventuaHy ,s ,arge enough to push 

.he hqutd.orward and move i, through the polymer channel. 

DEFINITIONS 

The following definitions are provided for the terms used herein- 
The term -biological reactions- is used herein ,„ mean reactions involving 
biotnolecu.es (and biological reactants, such as enzymes ,..,„ p „, ymerase , ^ ^ 
nd nucleic acds (both RNA and ONA,. Biological samptes are those containing 
tome cu,es such prote.ns. hpid, nudeic acid, The samp,e may be from a microorganism 
oactena, cu.ture, or from an animal, including humans <„. b , 0 od. ur,„e. etc , 
Ataattvelv the sample may have been su bj ec, to purification (e. g e M rac„o„, o, other 
— Bio.ogtca, reacions require some degree of b,ocompa, ib i,i, y with the dev.ee Tha, 
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« - -y the reacons id-Ily should „„, be substantially mh , b „ ed by , he characKris[ , cs of 

.f *e dev.ce components. To , hls end . ,„ onc ^ 
echnology of , he present ,„ve„,io„ comempla , es 
b,ocompa,,ble polymers ,h« do no, inhibit biological reacts. 

■Chemical reactions" means reacons involving chem.ca, reactants. such as i„or 8 an.c 
compounds. Again, i, is destred tha, ,„e rca c,i ons should „o, be subs,a„,ia„y inh , b „ed b y the 
characertsncs or nature of ,he dev.ce componen,, To ,h,s end. in one embodiment the 
P°lymer-based technoiogy of the present invent™ co„,em P ,a,es polymer-based microchannels 
compnsmg polymers that do no. inhibit chemical reactions. 

"Channels- are pathways through a medium „. s „ st.icon, tha, allow for movement of 
, U .ds and gasses. Channels thus can connect other components. ,, . k eep components "in 
«*nd communication - -Microdropie, transport chapels" are channels configured fin 
■ntcrons, so a., ,„ accommodate "microdroplets." While „ ,s no. .mended tha, the present 
-entton be l.m.ted by precise d.mens.ons of the channels or precise volumes for 
-n.crodroplets. iHustrative ranges for channels and rmcrodroplets are as follows: the channels 
can be between 0.5 and 200 m.crons in depth (preferably between ,0 and ,00 „ m) and 
b-een 50 and ,000 „m ,„ width .preferably 500 „„,, and the volume of the microdots 
can range «ca,cu,a,ed from the.r ,en B ,hs, between approximately one <„ and ,100) nanoltters 
(more typically between ten and fifty). 

The term "conveying- is U! ed herein to mean "causing ,o be moved through" as in the 
case where a microdropie, is conveyed through a transport channel ,o a par,icular point such 
as a reacon region. Convev.ng can be accompl.shed via llowdirecting means. 

"Flow-d.recng means" is any means by which movemen, of l.qu.d (eg a 
m,crodrop,e„ ,„ a par„cu,a, direcion ,s achieved. A variety of ftow-direcng means are 
contemplated, ,„c,ud,n g bu, no, limited to pumps such as the "bubble pump" descr.bed here.n 
A preferred d.rectng means employs a surface-tension-gradien, mechanism in which discrete 
droplets are differen,,a„y heated and propeUed through etched channels. For conttnuous How 
ot liquids, pumps are contemplated. 

"Initiating a reaction" means causing a reaction to take place. Reactions can be 
.muaied by any means (e.g.. heat, wavelengths of light, addition of a catalvst etc ) The 
present invention contemplates initiat.ng reactions in the channels and reaction chambers 
fabncated according to the methods of the present invention. 
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"Liquid banner" or "moisture barr.er" is any structure or treatment process on existing 
structures that prevents short circuits and/or damage to electronic elements (e.g., prevents the 
destruction of the aluminum heat.ng elements). In one embodiment of the present invention, 
the liquid barrier comprises a first silicon oxide layer, a silicon nitride layer, and/or a second 
silicon oxide layer. 

"Nucleic Acid Amplification" involves increasing the concentration of nucleic acid, 
and in particular, the concentration of a particular piece of nucleic acid. A preferred 
technique is known as the "polymerase cha.n reaction." Mullis, et al.. U.S. patents Nos. 
4.683.195 and 4.683.202. hereby incorporated by reference, describe a method for increasing 
the concentration of a segment of target sequence in a mixture of genomic DNA without 
cloning or purification. This process for amplifying the target sequence consists of 
introducing a molar excess of two oligonucleotide primers to the DNA mixture containing the 
des.red target sequence. The two primers arc complementary to their respective strands of the 
double-stranded sequence. The mixture is denatured and then allowed to hybridize. 
Following hybridization, the primers are extended with polymerase so as to form 
complementary strands. The steps of denaturation. hybridization, and polymerase extension 
can be repeated as often as needed to obtain are relatively high concentration of a segment of 
the desired target sequence. The length of the segment of the desired target sequence is 
determined by the relative positions of the primers with respect to each other, and therefore, 
this length is a controllable parameter. By virtue of the repeating aspect of the process, the 
method is referred to by the inventors as the "Polymerase Chain Reaction" (hereinafter PCR) 
Because the desired segment of the target sequence become the dominant sequences (m terms 
of concentration) in the mixture, they are said to be "PCR-amplified." 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic of one embodiment of an integrated microfluidic system using 
the technology of the present invention. 

Figure 2 is a photograph of an electron micrograph of a polymer channel made 
according to the present invention. Figure 2 (a) is a top view and Figure 2 (b) ,s a cross- 
section. 

Figure 3 is a schematic showing a simplified fabrication method of the present 
invention. 
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F.eure 6 , s a ser.es ol schcma.ics show™ ,he basic process s,e„s ,r 
of .he ,abr,ca,io„ m e„,„ d of „, e prescm , nven ,, M 

H BU re 7 ,s a schema.ic showing , he simple suc ,„ m pump 

^ , ,s . sc^Uc s„„ wng . e mb „ d „„e„, ,„ a ^ pump ^ ^ 

DESCRIPTION OF THE INVENTION 

.MEMSuTT" rt " a,K '° P " lym "- taSed — '™«ca, svs,e„, 

„. The ,op ,evel cons.s.s o f a po,v m er-based m ,cron U , d ie p,a„e. 30-50, „„e k 
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Chaus cons.ruc.ed on , op of . regu|ar s ,„ con sutaraie Th|s ^ funciioMiiiy ^ 
all the mtcroduidic components of ,he diag„os,ic sys,em such as chapels. p„ mps valves 
thermal cycling reactor chambers, reserves, and elec,roph„res,s stages. Beneath ,he 
—die p,ane. [h = con,rol. de.ee,,, drive and c0mrnu „ lca , l0n clecmmcs ^ qq 
- m . convemiona, CMOS subs,ra,e chip. A ser,es of holes are etched through ,he siltcon 

US, " g amSOlr0P ' C eKh ' ng *■» -d reagem ,„,e,s a„ d providmg 

access to Ihe microfluidic plane. 

Figure 1(b) shows the proposed packaging assembly. Firs., access holes are 
ul,raso„,ca,lv dr.„e d through a POA ceramic package. The two-plane chip ,s mounted on ,he 
package and w,re bonds are connecied on the lead s,de for .he clerical interconnects The 
"fluid," interconnects of ,he system are on .he oppost.e s.de of the chip and hence do no, 
mter.ere wi.h ,he elecr.ca. connections. The chip cavity is „cx, closed thus tsolating ,he 
fragtle elee,ron,c and microfluid.c components from the surrounding env.ronmen, 

F,gure 2 shows SEM photographs of JSp-high. 3 mm-long polymer channe.s with 
froms.de iniet. The details of ,he fabr,ca,io„ process are dtscussed in the Experimental 
section. 

The proposed technology is su.table for the constructs of a wide range of automated 
analyttca, mstruments hence serving as a general .es.bench. When properly cons.ruced me 
testbench components can be configured to perform many different functions ,hus in essence 
formtng . .flu.dic microprocessor" The presen. i„ve„„on contemplates the use of a common 
flu,d,c .merconnec, „.... a Huidic bus, ,„ move samples from any reservoir ,„r Hu.d.c 
rcg,s,er) to any other, as wei, as allowing for con.rolled m.xing. The se, of m.x.ng „ p e raI10ns 
pcrtormed by ,he lluid.c processor can be comrolled by an ex.ernal logic circuit ' 

The invention of polymer- based micromae.hin.ng technology is vas,ly super.or ,han 
hose based „„ wafer bonding bu,k mtcromachining. polvstlicon surface m,cromach.„,„g. and 
nybrtd p as,,c crcui, hoard' technoiogy ,„ the fdowiag stx ca.egor.es. (a, The m,cron„id,c 
Plane fabrication ,s impiemen.ed by deposit™ of low-temperature iayers ,ha, do no, degrade 
or change the underlying circuit characteristics or „s conventiona! process flow ,b, The 
flutdtcplane is fabricated ustng weak chemic als ma, do no, a„ack the creu,, plane ,„ anv 
way. Therefore, complex microfluidic devices can be fabricated ustng a regular MOS ' 
subs, ra ,e plane con.ain.ng the con.ro! c.rcuury. and a polymer-based microf1u,d,c plane 
cons.ruc.ed on ,op of it . (c , Leak ., isht cn ^ e , s afe formed due [q ^ ^ ^ 

polymer deposition (a severe problem present in g,ass bonded devices,: (d, Tal, channels and 
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chambers of different he.ghts can be easily fabricated. Unlike sil.con-based films, these 
polymers can be quite thick with a thickness reported as high as 200 u. Currently we can 
fabricate channels that range from 0.5 to I00 M in height, (e) Very long channels can be 
fabricated with short etch.ng times (also a problem with poly-Si). (f) Polymer channel wails 
do not have the severe surface adsorption problems observed in silicon and glass walls, (g) 
Polymer channels are optically transparent and are therefore are much simpler to test, (h) Its 
process simplicity and its capability of integrating individual fluidic components together 
make integrated microfluidic system possible, (i) Its batch-processing ability make 
microfluidic system inexpensive. 

The following sections show several fabrication processes of microfluidic components. 
These microfluidic components and their process flows are presented \o demonstrate the 
feasibility of polymer-based technology to fabricate the microfluidic systems. It is not 
intended that the present invention be limited by a particular type of fabrication process. 

I- Selection of Polymers and Polymer Pairs 

As noted above, it is not intended that the present invention be limited by the 
particular type of polymers. In one embodiment, polymer pairs are selected wherein the first 
polymer is soluble in a particular solvent, while the second polymer is not soluble in the same 
solvent. This permits the use of the polymer pair such that sacrificial etching with the solvent 
removes the first polymer but leaves the second polymer intact to serve as the polymer for the 
microchannel. 

Selection of polymer pairs and solvents can readily be achieved by making reference 
to known solubilities of particular polymers with particular solvents. An example of such 
known solubilities is shown in the Table below (where means soluble. "-" means 
insoluble. "(+)" means soluble at high temperatures). Specifically, illustrative solvents and 
polymers are given along with their corresponding 6, and 6, values. 



Illustrative Solubilit.es and Solubility Parameters of Polymers 



Carbon 
tetrachloride 



Dimethyl 
formamide 



Solubility of the Polymer 



Poly(isobutene) 

5 : = 7.9 



Poly(methyl 
methacrylate) 



Polyvinyl 

5: 



Poly(hexameth- 
ylene adipamtde) 



The utility of*, solubility parameter approach is tha, 8 (solubilttv p.™ 
« be calculated for b 01h ,„ £ ^ 3rid solve „, w are ^ ^ ^ 

•o 8 =.her ,„,W the 5 's numertca, value. These ,»c,ude: , , the number of dispersive forces 
present: 2, ,he number of dipole-dipo,* forces present; and 3, ,hc number of hydrogen 
bondtng forces present. As a first approximate and ,„ , ne absence of strong mictions 
such as hydrogen bonding, solubility of a polymer in a solvent can bc expected if , . , 
less than 1.7 - 2.0. but not if appreciably larger. ' ? 

Thus, as a general rule of thumb, a polymer is expected to b, soluble in a solvent 
-here 6, ,s approxtmately eo.ua, to 8 , 0 f course, i, is contemplated that these vaiues need 
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no, be eoua,. The present ,„ven„o„ co„,e mp ,a,es ^ 

value, of 8, and 5, are Mtniri approxima , dv , „ J - 

1-0 u». and m0 s, preferably wi , hi „ approxima , dy 0 5 ™~ y , 

5 forth ? T ' MCnded ' ha ' " K PreSem mVemi0 " ^ » < h < »>"«> - PoWs se, 

'" " ' ' ab ° Ve ™< «*«"» - Po'V-s a, contended. For J^T 

soittttons of polyene, (6; . , 3 , are readily oh , ajncd wi[h ^ • 

a,n,e,„ yl( or m ar„,de (8i . 12 |) , bu , „ 0 , w „ h aceiMe ((6 = ^ ^ ) ^ 

«,o„e ntolectt.es form d.mers through dipole , ipolc J " J 
groups are shie ld ed by Ihe meIhy| 6foups Md M ^ ^ 

' «™P*°f'hepo!y<st y r=ne>. The addition of fecvclohe,™ t 

- :r — — s _ „„. a. ta f r:::;:: ::~ r : 
™ 7 : also poss,bie ,o have 4o% so,u "° ns ° f - *»l 

o .be other hand. , s ,„, ernally d „ u , ed „ „ y , hc addi[ionai one. 
solvent over ,he whole concentration range. 

Similar reasontng applies 10 mixtures of solve „, s A ^ _ 

~ „,. to „ of , ht polymcr) can te combmed wi(h a °— V 

solub, , y parameter than tha, of the P o, y mer, Po,y ( acr y ,o„„r„e> (5 , . , 2 ^ 
exampie dissolves ,„ both dimethv.formam.de ,,,, and malodinitrile ,»,.„„ bul nw 
~ of the two. ,„ som e embodttnen, the present mventton comemp|ales ^ 
with solvent mixtures. ="-ning 

II. Basic Polymer Process: Polymer Channels 

The bastc fab„ca,,„„ process bcgtns with a conventional stlicon CMOS processed 
3—, as shown ,„ flgurc } ,„ this figure , ^ ^ ^ ^ J 

fa- * b ckstde ustng an anisotrop.c ctchan, such as ethylenediamine pyraztne ( EDP, 

telratnethylammonium hydroxide (TMAH) or even Y.F „„„ ■ ,. 

niiriA. / I r •' stop P ,n 8 at *e passivation oxide or 

n.T de (also see Section „„. Other aiternattves on pass.vation laver mciudes 

ox, . , nde/oxide and , ow stress sjHcon ri£h sju£on 

ensued us,„ 8 ,he s, m ,incd process shown below. Firs, a ,hic k po.ymcr ,a y er ,s 
heT ^ Ph ; ,0li,h ° 8raPhiCa ' ,y «» * wi* -be Utickncss retired for 

channcs. The second po lym er ,s next etched de„n ing the extent of the channel wa„s Holes 
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, P0,, mer , can b elched E „ ner lrom , hf fron , ^ tough ^ teckside 
. e pa s.vanon Mlde (see Secuo „ Ro|ymer , . ^ « 
channel behind. ln « cases wherc polvm „ 2 may _ ^ * 
— » a ba mer ,a y e„ ,s dep osi,ed ,„ taween po|ym „ , Md ™- 

:;::r w,y conforma ' ,o prov,de a — *- — •< ■ £ 

of J'^ 4 " " eXan,P ' e ° f 3 P0 ' ymer Chamd: Fi «™ 4 <» *«• <* 'OP view 

:r r 2Vhish channei wi,h ,op,ype ^ - — ~ 

a long as 3 mm are comp ,e,e, y sacn(k , a| , y ^ ^ ^ ^ ^ 

construct of a 15 ^h chapel wi,h 40 M -.h,cic wails. 

In ,h,s exa mpl e. p holod efi„a b , c polyamidc is used . p0|ym£r , n ^ 
xylv lenc as ,he ,b,n in ,e rnl e d , a ,e bamcr materia| , ffid ^ ^ 
o^ s of e mbodimeras oflhe , brica ,, on process ^ mi fonh m ^ ^ < 

,h = ™ — * — » * ***** , ype of P01ymCTS . Pol ;i 

-lude. ta are nol llm „ ed , 0 , pho , oresis , pdyamide benzocyclobmenc 

Polyd,„e,K y ,s„oxa„e. vapo,de P o si ,ed p-x y , yle „e. p XEE. PMMA. P -HMDS. po lyp ro Py ,e„e 
s-n-based pollers. TO . and a„ yli c, ,„ addllIon . „ „ „ 0 , , nlended J 
■"venuon be ^ by ,„e par , 1£ular bamer |ay „ Th£ bmKr ' 
Um*- .o. me.,. slack of differen , _ k , pTpE po|ymers ^ » • 

-P-e mattr ,a, Fluid , c ,„,„ ca „ ^ ^ as _ ■ ^ 



"1. Fabrica.ing Reservoirs, Mixers, Reaction Chambers, Cavi.ies 

Reserves. ml xe,s. reacon chambers, and an y cavies can be formed by propcr 
^-n, of ,he cb an„e,s wh,,e hea,ers. de.ecors. and acive crcni.s res.de o die CMOS 
P^eiow. F , gare s shows „ examp , c „ f a reacuon ctamber d£ujis 

• of mm . 25 pm . hlgh toma , cyclmg £hamber cmstrucKd 

IT Ca ™ y ^ P0S ' S Pen0diCa " y SP3Ced i,Kide - — n,,xi„ g I 

ririT" "° PreVeM " C0 " aPSC " ^ i! ™ « -* - - lh s„o 

c~a ,n8 r ' op : and ou " e,s F,6ure 5w * oto ,he — "™ ° f ' ^ 
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or square, on ,e structural poiymer. instead of forming pos , ffi Ihe lafge ^ 
w I, are bu„, S o , hal eacn eIcn ho|e |s ^ ^ ^ ^ ^ 

w ,ch stores ink. Under each isolate cav„,es. heaters are p,aced or suspended „„ ,„ P e of , he 



IV. Fabricating Actuators 

The same process a ls „ allows ,he fabrication of actuators such as valves and pumps 
The polymer process m us, include ,he following ,a y ers: ,„ . sacrificial po|ymer ^ ' 
ormtng cavities and chanMls: (2) , , hi£k £|as[ic strucmra] po| ^ ^ ^ 

dtaphragms needed in pumps and valves. This thtn polymer can also serve as a barter layer 
■» « cases: („ a t h,c k structura, polymer layer for construction of « chaIme , wa „L 
bossed diaphragms: and ,«, a mel a, layer ,ha, can carry curren, either embedded be,wee„ (2) 
and (3) or on ,op of layer ,3,. ,, gure 6 shows ,he bas.e process s,eps carried „„, , 0 f abrical e 
the actuator. 

The process begins w„h a conventional CMOS, bipolar, or BiCMOS substrate 
passivated by a layer of sihcon d.oxtdc. M e,a, ,i„e S can be present on the c,rcu„ side if 
estred. The next ,ep ,„ , he process consists of the opening of holes on the backside ox.de 
by Plasma etching. These holes w„, provide access to the mtcrofluidic polymer plane After 
• .s step, the circut, substrate ,s immersed in a silicon r.ch TMAH solut.on , ha , m , sotTopKslh 
etches the substrate al, the way to the passivation oxtde layer. The cavities formed by this 
etch arc bounded by the 1 1 1 crystal planes of the substrate. The siltcon saturated TMAH 
solution w„, „„, attack any aluminum wires exposed on the surface ,U. Schankenber* a 
at- TMAHW Etchants forSihcon Micromachining," i„ r -ra pp . 8l5 . m(|99 
After r,„s,„ 8 and drying ,he substrates, a passivation layer is deposited on top of the 
crcutts and subsequently patterned. The passivatton layer ,s needed if the system being bull, 
must handie fluids tha, contain mobile ions such as sodium tons and potassium tons tmany 
btochemtca, reactions require weak KC, buffer solutions) which can easily diffuse through the 
oxtde passivation of the Circuit plane. Several types of passivation layers can be used ,or 
even none). Conventional matertals such as sputtered SiN serve the purpose quite well 
Polymers can also be used as a barrier to the contamtnan, dtffusio. The barrier layer is next 
Photohthographically defined and etched on the areas leading to the backside inle, and metal 
contact areas. 
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Wafers ,ha, have reached ,h, s siate are ready for the construction of ,he m,croflu,d,c 
Plane. Ftrs, a th.ck polymer ■ ,ayer ,s deposed and etched on ,op of the substrate. Th,s thtck 
polymer serves as a spacer ,ayer thai determines the he.gh, of channels and mtcrofluid.c 
components. M u „,ple thicknesses on the same wafer can he obtamed through ,,me e,e hi „ g or 
deP0S " i0nS ' Tte ° f ^ ,h,s pofymer is between 0.5.200U Nex, a 

U» layer of polymer (poiymer 2, O.S-2u thick is depostted uniformly „„,„ lhe wafer 
Polymer 2 serves as a ,hi„ structural layer ,ha, is easily deflected, and as a barrier layer in 
some cases. Its main purpose ,s for ,he fabrication of flexible membranes reou.red by the 
pumps and valves described earlier. Next, a thtn !ayer L2u of aluminum ,s evaporated on 
•op of polymer 2 and i, is photographically defined ,o form parallel conductors and 
tnterconnecs used in the fluidic actuators. The process ,s followed bv the depos.t.on and 
pa..ern, ne of a thick polymer (polymer 3, tha, provides structural support for the channels and 
mtcrofluid.c component wa,,s. Nex, hoies are opened on the thin polymer 2 !aver leading to 
bonding pads on the circu,, plane and also provtding access to polymer , ifdesired from lhe 
iron, s,de. At ,h,s point the rem.nder passivatton oxide tha, separates polvmer I from the 
backs.de ,„le,s is etched by plasma etch.ng. In ,he !as, step of the process, polvmer , is 
sacr.f.c.al.y e.ched ,hus re.eas.ng the channels and fluidic actuators. The chips are nex, 
mounted on a ceramic package and the electrical leads are formed bv w,re bondtng As an 
example, polymer I can be photores.s, poiyme, 2 can be p-xyly,e„e. and polymer 3 can be 
poiyamide. 

Droplets of the samples must be moved to the var.ous pans of the system in order ,„ 
perform vartous ,es,s on ,he fluidic eh,p. A thermocompresston suct.on pumps ,ha, create a 
pressure different,, between ,he two sides of ,he l.ouid drop can be used. A simple sucion 
pump can be constructed as shown in F ,g„ re 7 . The pump basica„y e„„s,s,s of a hea,er and a 
valve Th,s dev,ce ,s cons.ruc.ed with an additional thin polymer layer and an embedded 

12 'T °" m ' Cr ° nUidiC *~ ^ —<°° ° f "* ^ «™ « *» 

nttrely eompattble with the polymer-based technoiogy. This pump basically conststs of a 

heater constructed on a polysiBcon heater constructed on the MOS plane p.aced under the 

polymer channel, and an exhaust valve. The exhaust va,ve conststs of an enlarged verston of 

.he channel wrth a centra, outlet. On top of the poiymer valve, a series of parallel alumtnum 

wtres are patterned. The alumtnum wtres are piaced between a ,„,„ polymer and a thick one 

■hus formtng a boss region and a d.aphntgm. This valve is n,ag„e.,ca,l y actuated upon 

appltcation of a transversa, magnetic field B (through an external permanent magnet, The 
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valve e„„er closes or opens depending „ n ,„ e dlrecllon of , hc currcn , , ^ ^ 

condocors. Magnetic actoapon was chosen for the valve becapse the ,a„ channels generated 
by the polymer-tased process „ ave very hi?h vo|tases hMcc rend£nns ^ 

actuation impractical. 

and ,h ' h " raOCOnlPrCSS ' 0 " P ™ P - r™. «« exhaps, vplve is opened 

rorm,„ g . partta, vaeppm on the channels as , h e ,ra PP ed air cools down. This partial vaeppm 
propels the drop forward p„„, ,„c prcssaK dtfference d,appea,s. The cycle Is repeated for 
con„„pops p„ mp , n6 . Propulsion „ f th£ drop|e , m rcverse direc , on ^ ^ ^ 

by expanding , h e gas rather ,ha„ contracmg I,. This , ype of srmple p ump can g e„er aI e 

pnepmanc presspre d.fferences as high as O.S , we,, a „ 0V e the threshoId ^ for 

of ntotmn „, droplets in ca P i„ar,cs. „ ,„e p„co ma „c drop mot.on mecha„,s m ,s psed ,1 

varrous po.ms in ,h= system ,hps ac,,p g as gates that block lhe passaee of liop.ds Pass 
toopgh valves are necessary ,o impede ,he co„,i„p„p S drawing of „ qulds 0 „, 0 ^ 

Z Z" on oc T s duc 10 ,he 60 ,ha ' when drople,s - «« 

-Porary vaepp m presspre d.fferences. „ ,s a,so ,mp„na„, ,o p„,„, op, ,ha, once a cha^e, 
■s blocked. „ ,s necessary ,o open an exhaus, valve (spch as ihose made for ,he 
,her m ocom P ress,on p„ m p, a tt ached ,„ ,he same end as ,he block.ng valve if addp.ona, „ q p ld 
rop m„„o„ is des.red. The exhaos, valve prov.des a„ d addt.iona, ,„,e, thm impedes ,„ e 
ormapon of a vaeppm beh.nd ,he movtn, drop tha, wopld ullinBtdy stops and adduiona, 
drop motion. 

This brings Che important pom, ,ha, pp m p,„ g of discre.e drops can only be 
accomplished when one of channel ends ,s open ,o ,he epvtropmen, This prob.em has been 
po.nted ou, by Anderson ^ who has proposes ,he pse of permeable membranes ,o 

1 1™ 5 ""I 5 Pr0t " em FlBUre 8 ^ ■ -*™* «<« tmplemented 

ng ,he polymer b as ed ctannd. The valve basically consists ofa „ a , ropnd segment of an 
enlarged chanpel that ,s constrpcted in its collapsed form by the deliberate removal of 
Polymer ,. A patch of polymer 3 (Ten™, ,s placed under the va.ve spch tha, polvmer , does 
« s,, ck ,o the sprface. The va.ve is opened or closed by applying , curTem 10 lnc 
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conduce* above the pass-through valve which buckle the diaphragm upward thus opening 
the valve. 
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V. Bubble Pumps and Capillary Valves 

As noted above, i, ,s not tntended that the present invention be lotted by the nature of 
the tlcw-direcung means used to convey fluids through the polymer channels of the present 
mvennon. In one embodiment, the present invention contemplates a polymer channel 
comprising one or more electrodes i„ contact with the liquid sample. A schematic of one 
embodiment of the bubble pump and capillary valve is shown in Figure 9. The bubb.e pump 
compnses a polymer channel with several electrodes (e.g. Ti/Pt electrodes) in contact with the 
J.qu,d sample. When coupled with the capillary valve, the bubble pump can actuate a certain 
quantity of fluidic samples along the polymer chip. The capillary valve is essentially a 
narrow section of a polymer channel. In operation, the fluid,c samp.e 1S first injected in the 
■met reservoir. As soon as the fluid is .oaded. it moves in the channel by capillarv force 
The flu.d then passes the narrow section of the channel but stops at the edge where the 
channel widens again (see Figure 10A). After the flu.dic sample is loaded, a potential is 
applied between two electrodes. At both ends of the electrode, hydrolysis occurs and bubble 
•s generated. The bubb.e keeps on growing as the electrodes continue pumping electrical 
charges to the fluid (Figure ,0B). The expanding bubb.e then creates a pressure differentia, 
between the two sides of the liquid drop, which eventual.y large enough to push the i.qu.d 
forward (Figure IOC). 

The combination of bubble pump and capillary valve ,s an excellent fluid propelling 
dev.ee. Th,s actuating dev.ee does not require any moving parts and is easy to fabricate In 
addition, the device produces a well-controlled flu.d motion, which depends on the bubble 
pressure. The bubble pressure is controlled by the amount of charges pumped by the 
electrodes. Furthermore, the power consumpt.on of the device ,s mm.mal. 

EXPERIMENTAL 

The following examples serve to illustrate certain preferred embodiments and aspects 
of the present invention and are not to be construed as limiting the scope thereof. 
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EXAMPLE 1 

This example describes one embodiment of the fabrication method of the present 
invention. More specifically, th.s example describes one embodiment of the process flow for 
channels and cavities with frontside inlets and outlets. 

The process starts with a 4 inch silicon wafer. Thereafter, the steps are as follows: 

0. (Optional) Deposit 2|u-thick p-xylylene with primer. 

I • HMDS is spread at 200 rpm for 16s. and spun at 4000rpm for 30s. 

2. Photoresist (AZP4620) is spread at 200rpm for 1 6s. and spun at 750rpm for 
50s (about 20u-thick). Experiments reveal that this resist does not stick too we.l with silicon 
substrate without applying HMDS. For some other resist. HMDS may not be applied. 

3. Remove the res.st beads which reside on the edge of the wafer using Q- lip 
soaked with acetone. This step is necessary because these beads will g | ue t0 (he mask piate 
during mask aligning. 

4. Soft baked on a hot plate for 2 min, at 130°C. Lower temperature with longer 
bake time should also work. 

5- Patterned and exposed at intensity of 1250 ml/cm 2 . 

6. Developed for 16 mins in AZ312: H20=l:l. 

7. Hard baked at 130° for 3 mins. 

8- Plasma etching using G : at SOW: 250mT for 2 mins. Longer etching time may 
burn the resist. 

9- Deposit 2 um-thick p,xyl y lene without applying primer. The p- xy | y | ene will 
crack ,f ,t ,s too thin, and resist will crack if primer is applied. Without primer, the adhesion 
between p-xylylene and silicon substrate is not too good. 

1 0. Plasma etching using ft at SOW for 2 mins. This dry etching is necessary to 
improve the adhesion between parylene and polyamide. 

• 1 ■ Polyamide (Polyam.de 7020 from OCG) is spread at 200rpm for 1 0s. and spun 
at 2500rpm for 10s (about 40 H -thick). 



Soft bake at 90°C for 2 mins. followed by baking at 1 10° for 7 mins.. 

13. Pattered and exposed at intensity of 350ml/cm : . 

14. Bake at 105° C for 1 mins. 

15. Let it rest for 30 mins. 
Develop (QZ2501 from OCG) for 6 mins. Agitate. 



16. 
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.7. Ri« ,QZ3 5 ,2 from OCG, for 2 mms. Agualc . If some wh| , e 
observed, pu. ihe wafer , 0 ,he developer. 

18. Blow dry. 

5 and , "' ■„ RePea ' S ' eP 2 10 6 N ° HMDS ' ! aPP " ed beMUSe adtei0 " b — P-ylylene 

5 and polyamide is strong enough. xylene 

20. Etching p-xylyiene: P laS ma etchmg us.ng U : at 250W. 250mT for o 0 m,ns 
-I- Sacnficial release: Immersed into hot Acetone for 20 mins. 

22. Rinse with IPA and water. 

23. (Optional) Final Cure 250° for 30 mins Hi„h„ , 

10 xylylene. H, ^ her ,em P«ature may burn p- 



EXAMPLE 2 

Th,s example describes ano.ner embodimen, of ,„e fabricator. me,hod of ,„e presen, 
.nve ; „o. More spec.ca,,, «* exampie describes one embodrmen, of , hc process Zl 
- — - wi,b a « ,„cb slllcon wa fe, Thereafter „ ^ m ^ 



I. 



xyiylene. 



Repeat Step 1 1 to 18 from Example I. 

Repeat Step 2 to 6 from Example 1. 

Repeat Step 9 to 22 from Example 1. 

(Optional) Final Cure 250° for 30 mins w.oh^ , 

JU mins - Hl ? ne r temperature may burn i 



EXAMPLE 3 

method'" m eX3mPle ' a "° ,her emb0dlmem ° f 3 reM,0n Ch3mb " * ™ - 
^ods of lh e presen, ,„ve„,,„„. The fabricatlon pr0 „ ss . _ ^ 

chamber ,s approx.marely l mm , on6 , , mra wide Md ^ ^ 
EXAMPLE 4 

I. *. exampU. anoher embodimen, of a ^compression SUCIion pump , s 
-ordi„ g „ , he m£Ihods of , he prescm invemio „. A lhermoCMpr ^ 
ump ,s fabr,ca,ed ( Figurc I2) lhaI ■„ sirnilar t0 ^ „ P " 



urn in 
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■ame.e, Theva,ve„ r , fice , s80lImin 
50 Mm-wkfc are p,aee d „„ Iop of , he « m na O° n of chrom,™ aml go|(J 

<™ .o a SMd ch _, I. ]00 ; - d 7 k ™« T h e polymer va|ve , s 

5 

EXAMPLE 5 

— — * - ^ pump - ~— - - 

* .aye, of 20 nm of Tj foUl)wd * ;™ ^"'^ " « * eva poratlng . 

™ t ^ , C7 Photoresis , and a c ; e ™ - * - ~ by „, off us ,„ g , 3 

Coa„„ s Serv,ce, paryle „ e . t) 2 A *™ *» <^ of p. sylylene (Spec , a , 

° f ~ ,„co , , 0 ;, f ;rr :;r:r ,ayer A 10 ~ 

«™. as a stpp . Th5 samp , e , s soft bak£d > " « .n ; c» a, 7CW rp m f or . 0 ^ 

soft baked p 0 , yamidc , s „„, 2 ">'" by 1 10- for 7 mj „. 

* ■ ,„ OCO O2250 , d eve,„ " T ^ ' ^ ^ 3SW -' 
-ood2 Mmlayerof p . xylvlenc|s P d ° r5 ; manda ' Ne,. a 

- - « — . areas TZTZ : 7 " ~ - ~, e,e,d 
, s readv , 0 bc ^ . mT °-' -*■■» fcr 30 mi , After lha , , hc po)ymer 

•Hoechs,, phcoreas, „ spm cas , a , * " '""^^ *.ver of AZP4620 

' - - ~ ^ "^l" ~ - - — - - a„d e,, S e d 
> ,0 de„„e 0,e T ^ ^ " 

*ve lopm en, in AZ 311 After ,ha, , he w , Cha "" d ' f °"° Wed ■ '° ™ 

*»». A lhi rd 2 m 1 Z " ^ ^ a ' snowed , v . shon 

- - ^Kr a„d p,„en, S ,He ^ ^ ^ ^ ^ «* 

— - - ,o P , xyly , Enc : :: ::::;:; f ™ — - - 

^ A- ^ t0 Ihe S ae„ fici af": S ' ™ 

«« -AZN620, and e , ch e d ,„ . 250 w 50mT ^ 3 20 iayer of 
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P-«yW« layers on ,op of ,„e sacr^.a, rcsjs , , avep 

- * sacnfica, resls , laycr arc bo[h ^ ^ ^ ^ 

P*™ d by a rinse in akoho| J — of ace,„„ e for abom 50 _ 



From the above, it should be clear that the ™i 

— . — — , :i:t:r o,o8y of " 

,he po,ymer , ectaolog> . of lhc pre J, nUa " J "° ' 0SS " "~» 
S pecia„'zed equipmen , mm ,nVem '°" » to » «» and does „„, requlre 
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CLAIMS 



- h«, ^ ta .: „ sa,d uppcr ° f - — - 

™< «> » .PP. surface: "'""^ * ^' »*« of said su6slraK 

- «* , ay er md S) „ J - .per sorf.e of 

3 - The method of Claim 1 f 

pHo t o, llhOBraphlca , Iy ; pr,or *° -* «> - «p - 

^er has . dcs , red ^J' *« e„„ dit , ons such ,„„ ^ fa 

4 ' The method of Claim 3 w h 

0. J and 200,, ' ***" * ickTO of - «« po,v m „ , ayer is 

5 - The method of Chim i u 
7 - The method of Claim 6 further com • 



15 



20 



The method of 



photores.st, polyamide, benzocyclobutene. 
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polvd.merhy.s.loxane. vap„,deposi,cd p . xvlylene . pJr£ PMN4A. p-HMDS. polypropylene 
starch-based polymers, epoxy. and acrylics. 



V method for fabricating microchannels. comprising the steps: 



surfaces 



A r 

a) providing a silicon subs.ra.e. said s,l,con subs,™ having upper and lower 



b, deposing a firs, poiym er layer on sa.d upper surface of sa,d silicon subs,ra,e 
sa,d flrs, polymer layer hav,n e i, a lower surface conracng said upper surface of said sil.con 
substrate and n) an upper surface; 

» 0 photoHthographicallv defining said f irst polymer layer under conditions such 

that sa,d first polymer layer has a desired thickness; 

d) depositing a second polymer layer on said upper surface of said first polymer 
1-ycr. said second polvmer layer having i) . lower surface ^ ^ ^ ^ 
said first polymer layer and ii) an upper surface; and 

e) sacrificially etching said first polymer layer under conditions such that said 
second polymer layer comprises walls of a microchannel. 

10. The method of Claim 9. wherein sa,d desired thickness of said first polymer laver of 
step (c) is between 0.5 and 200^. 

> 1 • The method of Claim 9. further comprising, pnor to step (e) the step of 
photolithographically defining said second polymer layer. 

12. The method of Cla.m ,. f urther comprising . after s[£p (£) ^ ^ (|) q 
openings in said walls of said microchannel. 

13. The method of Claim ,2. further comprising after step (e) and before step (0 the step 
of depositing a third poly me r layer on said upper surface of sa.d second polymer layer. 

H. The method of Claim 9. wherein said first polymer and said second polymer ^ 
selected from the group consisting of photoresist, polyaxnide, benzocyclobutene 
poiyd.methylsiloxane, vapor-deposited p-xyiylene. pTFE, PMMA. p-HMDS. polypropylene 
starch-based polymers, epoxy. and acrylics. 
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15. A method for fabricating microchannels. comprising the steps: 

a) providing a sil.con wafer. Sai d silicon wafer having upper and lower surfaces: 

b) depositing a first layer of a first polymer on said upper surface of sa,d silicon 
wafer, said first polymer layer havmg i) a lower surface contacting said upper surface of said 
silicon wafer and ii) an upper surface; 

c) depositing a second polymer layer on said upper surface of said first layer, 
said second polymer layer havmg i) a lower surface contacting satd upper surface of said firs, 
layer and ii) an upper surface: 

d) photolithographically defining sa.d second polymer layer under conditions such 
that said second polymer layer has a thickness between 0.5 and 200u; 

e) depositing a second layer of said first polymer on sa.d upper surface of said 
second polymer layer, said second layer of said first polymer having i ) a lower surface 
contacting said upper surface of sa.d second polymer layer and ii) an upper surface; 

0 sacrificiaily etching said second polymer layer under conditions such that said 
first and second layers of said first polymer comprise walls of a microchannel, said 
microchannel having a height defined by said thickness of sa.d second polymer layer of step 
(d); and 



g) 



etching one or more openings in said walls of said microchannel. 



20 16. The method of Claim 1 5. further comprising after step ,e) and before step (f) the step 
of depositing a layer of a third polymer on said upper surface of said second layer of said 
first polymer. 

1 7. The method of Claim 1 6. wherein said first and second layers of said first polymer 
25 comprise vapor-deposited p-xylylene. 

18. The method of Claim 17. wherein, at step (g), fi rs , and second openings are etched, 
said first opening serving as an inlet and said second opening serving as an outlet. 

30 19. The method of Claim 1 8. wherein said openings are etched from said lower surface of 
said silicon wafer into said lower surface of said first layer of said first polymer. 
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20. The method of Claim 18. wherein said openings are etched from Sai d upper surface of 
said layer of said third polymer into said upper surface of said second layer of said first 
polymer. 

21. A device, comprising a polymer channel comprising one or more electrodes positioned 
such that they will be in contact with a liquid sample placed in said channel. 

22. The device of Claim 21, wherein said polymer channel comprises two electrodes. 

23. A method of conveying liquid in a microchannel. comprising introducing a liquid into 
the device of Claim 22. 

24. The method of Claim 23. wherein a potential is applied between the two electrodes 
under conditions such that said potential results in the generation of a gas bubble large enough 
to move at least a portion of said liquid in said polymer channel. 
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FIGURE 9 
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